Abstract. As the servo actuator, the actuator system is of great significance in the guided missile. Its performance plays a key role in the hit accuracy of the guided missile. For the simple reason that the guided missile is a one-time military device, low cost and high stability is the top concern in the design of guided missile. In order to meet the requirement above, the actuator controller based on STC MCU is designed in this paper. The hardware design is introduced in details one circuit by one circuit. Meanwhile, the software design is presented too. The controller designed is highly stable and relatively cheap. Several flight tests prove that it is a reasonable choice for the low-cost actuator system in the guided missile.
Introduction
The UAV (Unmanned Aerial Vehicle) is one of the most advanced and complex military devices in the modern world [1] . In regional wars, as the armed UAV leads to less casualty with high maneuverability and flexibility, it plays a key role in deciding who takes the initiative at the beginning of the war. The weapon most widely loaded in the UAV is the guided missile, which is the best choice for air-to-ground strike in military confrontation and anti-terrorism. Target of the guided missile is tank, armed car and so on. The hit accuracy of the guided missile is quite significant. On the condition that the intended target is not attacked, it will cause serious problems such as innocent deaths and conflicts [2] [3] [4] . The guided missile is the military consumable and its life span is relatively short. When it comes to design of the guided missile, the same attention has to be paid to the cost control as to the quality control [5] . The guided missile with stable performance and low cost are preferable. As the servo actuator, the actuator system is indispensable in the guided missile. Low-cost guided missile demands cheaper actuator system [6] . In this context, the actuator controller based on the STC MCU is designed. There are four actuators in the guided missile. They are mounted in different control surfaces separately, while they collaborate to ensure the flight security of the guided missile, each one is of the same importance. As shown in Fig. 1 , each actuator comprises the control circuit, driver circuit, servo motor, reducing gear, output mechanism and potentiometer. It accepts command sent by the missile-borne computer. With the help of certain components, after power amplification, the actuator system drives the output mechanism, thus the control surface rotated with it. Attitude of the guided missile is corrected, and the expected flight trajectory is obtained towards the target.
Hardware Design of the Actuator Controller
Hardware design of the actuator controller is introduced in the following sections, including the power circuit, the control circuit, the communication circuit, the analog feedback process circuit and the motor drive circuit. The power circuit offers power supply. The control circuit adopts control algorithm. The communication circuit processes the communication signal. The analog feedback process circuit deals with the potentiometer feedback signal. The motor drive circuit rotates the actuator. The system power circuit is shown in Fig. 2 . In the entrance of the power circuit, there is an EMI filter. Via it, +27VP is obtained from the DC power. The +27VP can be the power source of the 3-phase bridge made up of MOSFET, driving the motor as the controller tells. In the meanwhile, the +27VP is transformed into secondary power supply for other parts of the controller. DC to DC converters help the transformation. Converter 1 used is a dual output converter, with positive and negative 12V generated. The isolated ±12VA is used for the potentiometer and the operational amplifier. As for Converter 2, its output is dual isolated 5V, that is the +5V and +5VS separately. +5V is the power source of the MCU and the MOSFET driver, while +5VS powers the differential line driver and receiver. STC MCU is the core of the control circuit, whose block diagram of the control circuit is shown in Fig. 3 . In this actuator controller, four channels of actuator control are independent, while one specific control core conducts communication between the actuator and the mission computer. As a result, the control circuit is divided into two parts. One part is to exert actuator control, while the other part sends position feedback of the actuator to the mission computer. As for the actuator control, it accepts command from the mission computer and controls the actuator as the command instructs. The peripherals involved are PWM, CAP, ADC and UART. Among them, PWM module produces the PWM signal for the MOSFET driver. CAP module captures the command signal and calculates it according to certain formula for actuator control. ADC module acquires the analog feedback of the actuator and converts it into digital data. UART module assists in loading the user program. As for the position feedback, it acquires four channels of actuator feedback signal, transforms them into the PWM feedback signal and then sends them back to the mission computer to indicate the actuator position. The peripherals involved are PWM, ADC and UART. Among them, PWM module generates the PWM feedback signal. ADC module acquires the analog feedback of the actuator and converts it into digital data. UART module assists in loading the user program. The actuator system communicates with the mission computer via differential PWM pulse width signal. It features great anti-interference ability. Undoubtedly, the differential PWM pulse width is a good choice as the communication signal. The communication circuit is shown in Fig. 4 . However, before captured by the MCU, the differential signal has to be transformed into the single ended signal. The Receiver does that job. It is a quad differential line receiver designed for digital data transmission over balanced lines. Each receiver chain has internal hysteresis circuitry to improve noise margin and discourage output instability for slowly changing input waveforms. MCU sends the corresponding PWM signal relative to the position feedback. The Driver transforms the single ended signal into the differential one. It is a quad differential line driver too. This part uses special output circuitry that enables the individual drivers to power down without loading down the bus. The Driver also includes special circuitry which will set the outputs to a high impedance mode during power up or down, preventing spurious glitches. These two chips work together for the actuator controller to accept command and transmit feedback. The potentiometer is mounted to the output mechanism coaxially in the actuator system. It indicates in which direction the control surface rotates and how many angles the control surface deviates from the zero position in real time. The two terminals of the potentiometer connects to ±12VA respectively, and the analog output ranges from -12VA and +12VA in the whole scope.
Power Circuit

Control Circuit
Communication Circuit
Analog Feedback Process Circuit
Actually, the actuator rotates between -25°and +25°. The measurement range of the potentiometer is within ±70°. Only a small portion of potentiometer is used. In order to eliminate the risk of burning the ADC by overvoltage, the input of ADC has to be within the range from 0 to +5V. The analog feedback circuit is needed. As shown in Fig. 5 , the potentiometer feedback is amplified by one channel of the operational amplifier to generate the proportional signal. At the same time, this signal is amplified again by a differentiating circuit, thus the differential signal is acquired. The proportional and differential signal is sent to MCU as the input of the PID control algorithm. According to the command signal from the mission computer, the actuator control is conducted. The acquiring and processing precision of potentiometer feedback impacts on the control precision. Although the internal ADC is 10 bit, it is enough in this actuator controller.
Motor Drive Circuit
As shown in Fig. 6 , the motor driver circuit contains 3-phase bridge driver and 3-phase bridge made up of MOSFET. On the basis to the PID control output, the MCU generates corresponding PWM driving signal and the rotating direction signal. With these two signals, the 3-phase bridge driver is used to drive the 3-phase bridge. In order to improve the efficiency of the drive circuit and reduce power consumption, N-channel power MOSFET is selected. The 3-phase bridge driver selected in this design is especially suitable in this application. It incorporates much of the circuitry required to design a cost effective three-phase motor drive system. A unique charge pump regulator exists to provide adequate gate drive under different voltages. A bootstrap capacitor is used to provide the above-battery supply voltage required for N-channel MOSFETs. Internal fixed-frequency PWM current control circuitry can be used to regulate the maximum load current. The peak load current limit is set by the selection of an input reference voltage and external sensing resistor. The motor starting current can reach 10A, and the rated starting current is no more than 5A. When the input reference voltage is set at 2.5V, a suitable sensing resistor has to be calculated to confine the maximum motor current. As it has the internal Hall-effect process circuit, it is convenient to conduct motor computation, which reduces resource utilization and simplifies circuit design. 
Software Design of the Actuator Controller
Good hardware design paves the way to success. However, it is not enough. Better software design improves the system performance. Thanks to the STC software project template, it renders the software design easy. The system software comprises two parts. One part is for actuator control, conducting control algorithm and running different function modules. The other part is the position feedback, acquiring and transmitting the feedback signal. The actuator control software adopts the foreground-background structure. The program consists of the main program and the interrupt subprogram. The main program in the foreground initiates all the peripheral modules while the interrupt subprogram in the background completes complex algorithm, communication and control in real time. As shown in Fig. 7(a) , the modules used in the actuator control software are PWM, ADC, CAP and Timer. After the system is power on, the system resets, and initiate the PWM, ADC, CAP and Timer module. Then the interrupt is initiated and enabled. Finishing these jobs, the software goes to the while(1) infinite loop. As for the position feedback software, it works in the same mechanism as the actuator control software. The flow chart is also shown in Fig. 7(b 
Conclusion
In the design of the guided missile, the consumable military device, low cost is as important as high stability. This requires less expensive actuator system. This paper introduces the low-cost actuator controller design for the guided missile with STC MCU as its core. Hardware design and software design are presented in this paper. A large amount of this actuator system has already equipped in the guided missile. Combat results indicate that the expected hit accuracy and desired miss distance can be achieved with this actuator controller designed in this paper. It proves that not only does the actuator system cut the cost, but also it brings high stability.
